Late referral of patients with chronic kidney disease is associated with increased morbidity and mortality, but the contribution of center-to-center and geographic variability of pre-ESRD nephrology care to mortality of patients with ESRD is unknown. We evaluated the pre-ESRD care of Ͼ30,000 incident hemodialysis patients, 5088 (17.8%) of whom died during follow-up (median 365 d). Approximately half (51.3%) of incident patients had received at least 6 mo of pre-ESRD nephrology care, as reported by attending physicians. Pre-ESRD nephrology care was independently associated with survival (odds ratio 1.54; 95% confidence interval 1.45 to 1.64). There was substantial center-to-center variability in pre-ESRD care, which was associated with increased facility-specific death rates. As the proportion of patients who were in a treatment center and receiving pre-ESRD nephrology care increased from lowest to highest quintile, the mortality rate decreased from 19.6 to 16.1% (P ϭ 0.0031). In addition, treatment centers in the lowest quintile of pre-ESRD care were clustered geographically. In conclusion, pre-ESRD nephrology care is highly variable among treatment centers and geographic regions. Targeting these disparities could have substantial clinical impact, because the absence of Ն6 mo of pre-ESRD care by a nephrologist is associated with a higher risk for death.
Nephrology care before starting hemodialysis (HD) is an important determinant of health status of patients with ESRD 1,2 and is associated with hypoalbuminemia, 3 anemia, 4 absence of a functioning arteriovenous vascular access, 5 reduced quality of life, 6 and decreased kidney transplantation. 7 Delayed care is associated with progression of kidney disease 8, 9 and increased mortality after start of HD. 10 -13 Early nephrology referral for individuals with chronic kidney disease (CKD) is recommended 14, 15 for creation of an arteriovenous fistula (AVF) 6 mo before the anticipated start of HD. 16 Despite these guidelines, incident patients with ESRD frequently present without antecedent nephrology care. 17 Differences between treatment center and geographic areas, similar to variations reported for the care of prevalent patients with ESRD, are possible factors that might contribute to variable pre-ESRD care. [17] [18] [19] If clinically relevant center-to-center and geographic variations in pre-ESRD care exist, then interventions might be designed to reduce the risk for delayed or absent care. This report describes the variable prevalence and clinical consequences for both individual patients and their treatment center populations of delayed pre-ESRD nephrology care in a large populationbased sample of incident patients with ESRD.
RESULTS
We studied 30,327 incident patients and excluded 1198 (3.9%) individuals whose initial dialysis dates were outside the study time frame (June 1, 2005, to May 31, 2006) and 98 (0.8%) individuals whose first treatment modality was other than in-center HD. The characteristics of the remaining 29,031 incident patients are shown in Table 1 .
Predialysis Care and Patient Characteristics
Pre-ESRD nephrology care was reported by 57.8% of all incident patients, was absent for 33.1%, and was missing for 9.1%. The duration of care was greater than 12 mo in 24.1%, 6 to 12 mo in 27.2%, and Ͻ6 mo in 6.4%. Recommended care, defined as Ն6 mo of predialysis care, was reported for 14,893 (51.3%) of patients. Older age, female gender, diabetes as a primary cause of ESRD, and atherosclerotic heart disease were independently associated with increased predialysis care, whereas heart failure, having no health insurance and being unemployed 6 mo before start of dialysis, being unable to ambulate, needing assistance with the activities of daily living, and residing in a nursing home were associated with decreased care (Table 1) . 
Treatment Center Variations in Predialysis Care
A total of 1641 treatment centers were included in the analysis with a mean Ϯ SD number of incident patients of 18.1 Ϯ 13.1, CLINICAL EPIDEMIOLOGY www.jasn.org a median of 15 and a 25th to 75th interquartile range (IQR) between nine and 24 patients. The mean Ϯ SD proportion of patients within a treatment center who received recommended predialysis nephrology care was 48.7 Ϯ 24.1%, with a 25th to 75th IQR from 33.3 to 64.3%. Treatment centers in the lowest quintile of pre-ESRD nephrology care had lower proportions of patients achieving guideline recommended serum albumin and hemoglobin levels, were less likely to have received an ESA or dietary counseling, and had a lower proportion of incident patients with an AVF (Table 3 ). For each patient care measure, with the exception of BMI (P ϭ 0.1133), the increases in care were clinically and statistically significant (P Ͻ 0.001; Table 3 ).
Treatment Center Mortality Was Associated with Predialysis Care
The mean Ϯ SD facility-specific death rate was 17.2 Ϯ 13.8% of all incident patients and the 25th to 75th IQR was between 8.0 and 25.0% of a facility's patients. As the proportion of patients receiving recommended nephrology care increased from lowest to highest quintile of care, the mean facility unadjusted mortality rate decreased from 19.6 to 16.1% (P Ͻ 0.001), a relative reduction of 15% and an absolute reduction of 3.5% (Table 3) .
The mean Ϯ SD facility-specific standardized mortality ratio (SMR), the ratio of the actual to predicted deaths in a center, was 0.98 Ϯ 0.79 with a 25th to 75th IQR from 0.50 to 1.36. The mean SMR was higher among treatment centers in the lowest decile of pre-ESRD nephrology care (mean SMR 1.16) and declined in the highest decile of pre-ESRD care (mean SMR 0.92; P ϭ 0.0031; Figure 1 ). The center-tocenter variability risk for death persisted after controlling for patient characteristics and within-center clustering, but, after controlling for incident AVF, hemoglobin and albumin level, BMI at start of therapy, previous ESA use, and Tables 1 and 2 . c Ն4.0 g/dl by the bromcresol green method; 3.7 g/dl by the bromcresol purple method and Ն4.0 g/dl if analytic method missing. Analyses account for withincenter clustering of patients. dietary consultation, the differences in mean SMR across deciles of care were no longer statistically significant (P ϭ 0.1431; Figure 1 ).
Geographic Clustering of Treatment Centers with Low Pre-ESRD Care
Facilities in ESRD Networks 5, 6, 8, and 11 in the lowest quintiles of pre-ESRD care were not randomly distributed. The map in Figure 2 denotes low pre-ESRD centers as black symbols, and a single, significant circular cluster of low pre-ESRD care centers was located in Alabama and Mississippi. We note that, whereas other clusters are visually apparent, the scan statistic identifies the collection of observed cases least consistent with a null hypothesis of equal risk, even in the presence of a geographically heterogeneous distribution of the at-risk population. The detected circular cluster has a "hole" in the middle with no low-pretreatment centers but a "ring" of high low-pretreatment hospitals around it with one edge seeming to line up with the Mississippi River corridor from New Orleans up to Memphis, the other edge comprising most of the state of Alabama. The smoothed relative risk surface in Figure 3 describes the geographic distribution of low-rate centers compared with the rest of the centers. Compared with the results from the circular scan statistic in Figure 2 , we observed a ridge of significantly elevated relative risk for low pre-ESRD care centers following the ring noted in the previous paragraph, reaching from western Tennessee with a western "arm" along the Mississippi river corridor and an eastern arm through Alabama.
DISCUSSION
Our most important finding was that substantial center-tocenter variations in pre-ESRD nephrology care exist and are associated with both increased risk for death for individual patients and increased facility mortality rates. Furthermore, centers with the highest proportions of patients without Ն6 mo of pre-ESRD care are clustered geographically. Although the association between low rates of pre-ESRD nephrology care and increased risk for mortality at the onset of HD has been extensively reported, the nonrandom nature of pre-ESRD nephrology care and its association with treatment center mortality differences has not, and recognition of this variability may be relevant to efforts to improve stage 4 CKD care.
We and others have noted that the increased risk for mortality during the earlier part of the first year of dialysis is associated with pre-ESRD clinical status. 20, 21 In this study, as the proportion of patients receiving pre-ESRD nephrology decreased, the prevalence of modifiable mortality risk factors at the inception of renal replacement therapy (RRT) increased, with a decrease in proportion of incident patients with an AVF, hemoglobin Ͼ11 g/dl, and serum albumin within the target range. Furthermore, these mortality risk factors were increased in prevalence among individual who had received predialysis nephrology care. Thus, it is likely that the relationship among individual patients between first-year mortality after onset of 
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RRT and predialysis care reflects, in part, the admission health status of these patients; however, it is unlikely that all of the increased risk for mortality during the first year of RRT can be attributed to predialysis factors, and variability in ESRD treatment factors, including adequacy of dialysis, changes in vascular access status, hemoglobin levels, and nutritional status, are likely to influence mortality as well. We were unable to account for these latter factors in our analyses.
Factors that might influence the timing of pre-ESRD nephrology care include characteristics of the (1) antecedent kidney disease, (2) patient, (3) physician, and (4) health system where care is delivered. 22 Disease-related factors that might account for center-to-center variations in pre-ESRD nephrology care include the prevalence of undetected, asymptomatic CKD in a population, and 15 to 20% of all incident ESRD patients may fall into this pattern of CKD progression. 23 Although we are unable to account for our study, the median time spent in stage 3 CKD before ESRD is reported to be Ͼ2.5 yr and that in stage 4 CKD Ͼ2 yr. 24 This suggests that there is ample time before ESRD for detection of CKD and nephrology referral.
Our observations are consistent with previous studies that reported associations between nephrology referral and individual patient characteristics, including cause of kidney disease, comorbidity, and age. 25 We extended these observations to include impaired mobility and nursing home residence as factors associated with less pre-ESRD nephrology care. The center-to-center variability in pre-ESRD nephrology care persisted after controlling for patient characteristics (data not shown). Also, the association between pre-ESRD nephrology care and treatment center mortality persisted after accounting for other risk factors.
Physician-related factors might account for the center-tocenter variations in care we observed. Winkelmeyer et al. 24 found that delayed nephrology care of Medicare and Medicaid patients with CKD was more frequent among general internists. Other physician-related factors that might account for delayed referral include nephrology manpower availability, low detection rates of CKD by primary care physicians among patients with stages 3 and 4 CKD, 26 lack of awareness and uncertainty about how to use clinical practice guidelines for CKD, 27 and lack of familiarity with high-risk populations for ESRD. Information about these factors is absent from our data.
Health system factors that may influence early nephrology care have largely been considered to govern access to care. Our finding that insurance status and employment 6 mo before the start of dialysis were associated with early referral is consistent with this possibility and with previous studies 28 -32 ; however, as with patient characteristics, the center-to-center variability in pre-ESRD nephrology care persisted after controlling for insurance and employment status (data not shown). Another system factor that might account for facility-to-facility variations in pre-ESRD nephrology care is the highly variable compliance among US physicians with guideline-recommended care for chronic diseases. This variability suggests that the variable care we observed may reflect imperfect adoption of guideline recommendations throughout the US health care system. 33 Finally, although our results are limited to the geographic extent of our data, the geographic variability in pre-ESRD nephrology care among treatment centers we observed is consistent with extensive reports of geographic variations in care in the US health care system that persist after accounting for patient attributes. 34 These variations in care are attributed to misplaced economic incentives, inadequate dissemination of evidence-based practice guidelines, and ambiguities in the state of clinical practice. 35 Our analyses do not address the reasons that these variations exist but rather serve to draw attention to their existence and potential relevance to quality improvement interventions for patients with stages 3 and 4 CKD.
Our results suggest that population-based efforts to improve pre-ESRD care might target communities with treatment centers or clusters of centers with low rates of pre-ESRD nephrology care. The ESRD Networks can identify these centers 36 and design and implement interventions directed at deficient care. 37, 38 It is reasonable to suggest that a similar approach to improving pre-ESRD care might be warranted. The Centers for Medicare & Medicaid Services (CMS) recently awarded contracts to the Medicare Quality Improvement Organizations in 10 states for the period 2008 to 2011 (http:// www.cms.hhs.gov/QualityImprovementOrgs) to improve early detection and care of diabetic nephropathy and increasing incident AVF use among Medicare beneficiaries.
The limitations of our report beyond those discussed should be noted. The pre-ESRD care data derived from the CMS 2728 forms are subject to misclassification, have not been validated, and may be entered differentially by poorly performing treatment centers. The strong associations between the reported pre-ESRD care and both health status and subsequent survival of incident patients and that the system uniformly collects mortality data suggest that it is unlikely that individuals lost to follow-up contributed to substantial selection bias. We restricted our analysis to HD patients, and the exclusion of peritoneal and transplant patients may have excluded low-risk patients in some treatment centers. We cannot exclude this possibility but believe that it likely involves a small proportion of incident patients. An additional limitation is that our findings reflect regional variations in overall access to the health care system and patients who did not see a nephrologist were without any health care, confounding the association between nephrologist care. Although we attempted to account for this by controlling for insurance status, it remains possible that residual confounding persists.
In conclusion, pre-ESRD nephrology care among incident patients with ESRD is associated with increased risk for death. Less-than-adequate pre-ESRD care aggregates within treatment centers and geographic regions, which suggests that targeted quality improvement interventions might be warranted in these populations. . Data used included race, gender, age, BMI, diabetes as primary cause of ESRD, heart failure, atherosclerotic heart disease, peripheral vascular disease, and history of amputation. Individuals were defined as uninsured and unemployed on the basis of their insurance or employment status 6 mo before dialysis.
Predialysis Care
A patient's physician completed CMS 2728 questions on predialysis care. The CMS 2728 form asks, "Before ESRD therapy: Was the patient under the care of a nephrologist?" Responses were "yes" and "no." Those who replied "yes" then indicated the duration of care as 6 to 12 mo or Ͼ 12 mo. We categorized pre-ESRD nephrology care as present when the answer was either 6 to 12 mo or Ͼ12 mo" and absent otherwise.
AVF for first HD was defined as a "yes" answer. Additional aspects of pre-ESRD care recorded included pre-ESRD ESA use and dietary consultation. Clinic staff recorded laboratory values for albumin and hemoglobin collected within 45 d before the start of ESRD.
Pre-ESRD albumin status was defined as optimal when the serum albumin was Ն4.0 g/dl by the bromcresol green method or 3.7 g/dl by the bromcresol purple method. When the analytic method for albumin was missing, we used values Ն4.0 g/dl to define optimal albumin. Anemia care was defined as optimal when the reported hemoglobin was Ն11.0 g/dl.
Follow-up
Follow-up by the Network for each patient began on the day of first dialysis and continued until August 2006. Patients were censored at the time of transplantation, transfer from the treatment center, death, or end of the study.
Statistical Analysis
We examined the independent associations between predialysis care and AVF status with mortality using logistic regression, controlling for clustering within treatment centers with generalized estimating equations (GEE). The SAS GENMOD was used to perform the generalized estimating equation regression analysis, which produced clustered robust SEs that correct for within-facility correlation. 39 We examined the independent contribution of ESRD treatment centers to the risk for mortality after controlling for fixed patient characteristics using a mixed general linear model in which treatment center was entered as a random effect using SAS GLIMMIX. 40 Case mix-adjusted SMRs, the ratio of observed numbers of deaths by predicted numbers of deaths, were computed using patient-specific predicted mortality risk from logistic regression models that did not control for clustering. These analyses were performed using SAS 9.1.
We assessed the geographic clustering of low levels of pre-ESRD nephrology care within the contiguous region defined by ESRD Networks 5, 6, 8, and 13. We examined the clustering of treatment centers in the lowest quintile of pre-ESRD nephrology care via two methods: (1) Spatial scan statistics, 41 which identify the most unusual circular clusters of centers with low rates, and (2) spatial relative risk surfaces, which identify more specific areas of statistically significant increases or decreases in the local prevalence of low-rate centers. 42 Briefly, spatial scan statistics identify the most unusual collection of cases defined by a local likelihood ratio test statistic comparing the number of cases observed with the number expected (under a hypothesis of constant risk) within circles centered at each CASE LOCA-TION having radii ranging from the minimum distance between observations up to containing one half of the study population. The approach identifies the collection of cases least consistent with the CLINICAL EPIDEMIOLOGY www.jasn.org null hypothesis and evaluates statistical significance via Monte Carlo assignment of case and control status among observation locations.
Spatial relative risk surfaces are defined as the ratio of the spatial density of cases to that of controls. We used kernel density estimation 42 to provide the case and control density estimates. Statistical significance is again defined via Monte Carlo assignment of case and control status among observation locations. Unlike the spatial scan statistic, spatial relative risk surfaces can identify clusters of any shape and easily allow identification of multiple "hot" or "cold" spots in the surface.
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